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(54) Method of displaying vehicle wheel alignment conditions 



(57) A method of displaying an alignment condition 
of a vehicle, comprising prestoring specifications for one 
or more wheel alignment conditions, prestoring a plural- 
ity of wheel graphics, each graphic corresponding to a 
difference between a measured wheel alignment condi- 



tion and the specification for the wheel alignment con- 
dition, measuring the wheel alignment condition, deter- 
mining the difference between the measured wheel 
alignment condition and the specification for the wheel 
alignment condition, selecting the graphic correspond- 
ing to the difference, and visually displaying the graphic. 
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Description 

This application is based on U.S. Provisional Patent 
Application Serial No. 60/005,608 filed on October 19. 
1995 and U.S. Provisional Patent Application Serial No. 
60/005.720 filed on October 20. 1995. 

Background of the Invention 

The present invention relates to vehicle wheel align- 
ers which may be adapted for use in performing align- 
ments of non-standard or custom vehicles. 

Existing wheel aligners comprise a number of sen- 
sors for generating data indicative of the relative orien- 
tations of the wheels of a vehicle, a computer for calcu- 
lating alignment values from the data generated by the 
sensors and a video display for displaying the alignment 
values. Additionally, these aligners typically comprise a 
database of vehicle alignment specifications for a ma- 
jority of vehicle makes and models. During operation, 
the computer calculates the alignment values for a sub- 
ject vehicle and compares these values with the align- 
ment specifications/for that vehicle. The differences be- 
tween the calculated alignment values and the specifi- 
cations may then be displayed. 

Summary of the invention 

According to the present invention, the aligner com- 
prises a preprogrammed set of instructions for creating 
graphical representations of the alignment conditions of 
the vehicle based on measurements obtained both be- 
fore and after adjustments have been made to the ve- 
hicle. The representations may be displayed to the op- 
erator during the alignment procedure to provide him a 
better understanding of the condition of the vehicle, and 
the representations may be printed out for presentation 
to the customer to evidence that the vehicle has been 
serviced properly. 

Brief Description of the Drawings 

Figure 1 is a representation of an exemplary wheel 
aligner in combination with which the present inven- 
tion may be used; 

Figure 2 i© a representation of an angle measuring 

instrument employed in the wheel aligner of Figure 
1; 

Figure 3 is a flow diagram showing the sequence of 
steps undertaken to generate graphical represen- 
tations of the conditions of the vehicle according to 
the present invention; 

Figure 4A is a table showing the visualization rules 
which are used to produce the graphical represen- 
tations; 

Figure 4B is a table indexing the graphics referred 
to in Figure 4A with the representations shown in 
Figures 5A through 5G; 
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Figures 5A through 5G are exemplary displays of- 
the graphical representations of a vehicle; and 
Figures 6A through 6C are exemplary printouts of 
the graphical representations of a vehicle. 

Detailed Description of the Preferred Embodiments 

The present invention is primarily implemented 
through computer software, which can be readily recre- 
ated by the person of ordinary skill in the art by following 
this description. In addition, the invention may be incor- 
porated into a variety of vehicle wheel aligners, but it is 
particularly useful with wheel aligners designed for use 
with trucks because of the existence of a great number 
of components requiring alignment in a truck. Therefore, 
for purposes of brevity the present invention will be de- 
scribed with reference to an exemplary truck aligner. 

Referring .taR^ 
indicated geneV^ 

in association with a truck which is represented by a 
frame F having a longitudinal axis L and a set of front 
wheels FW and rear wheels RW. Truck aligner 1 0 com- 
prises one or more angle measuring heads 12, which 
are mountable to the wheels of the truck using appro- 
priate wheel clamps 1 4. In Figure 1 , a head 1 2 is shown . 
mounted to each front wheel FW of the truck. Each 
wheel clamp 14 comprises a shaft 16 and suitable 
means for aligning shaft 16 with the axis of rotation 18 
of the wheel to which it is connected, and the corre- 
sponding head 12 is pivotably mounted on shaft 16. 
Truck aligner 10 also comprises a console 20 to which 
heads 12 are connected through cables 22 or. alterna- 
tively, cordless data t iran_sceivw; : mear)|5 . 

Truck alighen OA urtheV^rVprise^two frame gaug- 
es 24, which each include two scales 26 connected to 
the opposite ends of frame gauge 24. Each scale 26 in. 
turn comprises a pair of reference marks 28 spaced a 
known distance from each other. Frame gauges 24 are 
mounted to opposite ends of frame F using suitable at- 
tachment devices 30 having appropriate biasing means 
for maintaining the same distance between longitudinal 
axis L and each pair of reference marks 28. 

Each angle measuring head 12 operates to meas- 
ure the angles between the axis of rotation 18 of the 
wheel on which it is mounted and the lines 32 extending 

to reference mark© 28 on the same side of the truck. 
Referring to Figure 2, each head 12 is shown to com- 
prise a light source 34, a collimatihg lens 36 for focusing 
the light into a thin beam 38 and a mirror 40 for reflecting 
beam 38 ninety degrees into an approximately horizon- 
tal plane. Mirror 40 is mounted on the shaft 42 of a motor 
44, and rotation of mirror 40 by motor 44 causes beam 
38 to rotate in the horizontal plane. A rotary encoder 46 
mounted relative to shaft 16 continuously tracks the in- 
stantaneous angular position of shaft 42. and thus beam 
38, with respect to shaft 16. Since shaft 16 is effectively 
aligned with the axis of rotation 18 of the wheel, encoder 
46 measures the angle of beam 38 with respect to ther 
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axis of rotation 18. Reference marks 28 on targets 26 
are comprised of a retroreflective material, and as rotat- 
ing beam 38 impinges on a reference mark 28. it will be 
reflected back to head 1 2 and received by a detector 48. 
The signals from encoder 46 and detector 48 are input 
into an appropriate logic circuit 50. which outputs data 
indicative of the angle of reference mark 28 relative to 
shaft 1 6. As beam 38 rotates through 360 degrees, data 
relating to the angles of the other three reference marks 
28 on the same side of the truck is similarly produced. 
The data from each head 12 is transmitted over cables 
22. or via cordless data transceiver means, to console 
20. 

Although not shown in the drawings, heads 1 2 may 
also include conventional inclinometers for measuring 
the orientations of the wheels with respect to known ver- 
tical reference planes to yield such information as the 
camber and caster angles of the wheels. The data gen- 
erated by the inclinometers is transmitted to console 20 
in a manner similar to that described above. 

Referring again to Figure 1 . console 20 is shown to 
comprise a programmable computer 52 for controlling 
the operation of truck aligner 10. In one mode of oper- 
ation, computer 52 processes the data generated by 
heads 1 2 according to preprogrammed instructions and 
displays the alignment values for the truck on a monitor 
54. A keyboard 56 is provided for entering instructions 
and vehicle information into computer 52. Computer 52 
may also access programs and vehicle information 
through a floppy disk or CD ROM drive (not shown). 

According to the present invention, computer 52 
comprises a preprogrammed set of instructions for cre- 
ating graphical representations of the alignment condi- 
tions of the vehicle based on measurements obtained 
both before and after adjustments have been made to 
the vehicle. Although for purposes of brevity and clarity 
the invention will be described with respect to the align- 
ment of a truck, it should be understood that the princi- 
ples of the invention apply to the alignment of many 
types of vehicles. The person of ordinary skill in the art 
will readily understand how the invention may be adapt- 
ed for use with other types of vehicles. 

According to the present invention, computer 52 is 
provided with a set of preprogrammed instructions 
which will generate video and print representations of 
the initial conditions of the axles of the vehicle both be- 
fore and after adjustments are effected. Referring to Fig- 
ure 3, the video and print representations are generated 
by first obtaining measurements of the initial vehicle 
alignment values and applying the measurements thus 
obtained to a set of predetermined visualization rules, 
which are shown in Figure 4A. Based on these rules, 
computer 52 generates the graphic and digital represen- 
tations of the conditions of the axles. These represen- 
tations are then displayed on monitor 54 and, at the op- 
erator's discretion, may be printed out on a standard 
printer. The vehicle is then adjusted and measurements 
of "the alignment values are again obtained. Computer 
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52 applies these measurements to the set of visualiza- 
tion rules to generate graphic and digital representa- 
tions of the final conditions of the axles, which may then 
be displayed on monitor 54 and/or printed by the printer. 

s As stated above. Figure 4A lists the visualization 
rules that computer 52 employs to generate the graph- 
ical representations of the vehicle The rules select pre- 
determined graphics based on the amount the meas- 
ured alignment condition differs from the preferred spec- 
ie ifications for the alignment condition. Thus, computer 52 
will compare the measured alignment condition with the 
specifications and select one of the predetermined 
graphics depending on the difference. For example, if 
the absolute value of the measured toe, or ABS (Toe], 

?5 for a subject wheel is different from the specification by 
less than 1 .5 millimeters per meter, computer 52 will dis- 
play the Straight Graphics Position graphic for the 
-wheel. -Similarly, if the-measured Toe Out for a subject 
wheel is greater than 1.5 mm/m and less than 3.0 mm/ 

20 m. the computer will select the Toe Out Graphics Posi- 
tion 1 graphic for the wheel. It should be understood that 
visualization rules for other components of a vehicle 
may be created in a similar fashion, and that any number 
of predetermined graphics may be employed in the vis- 

25 ualization rules. 

Based on the graphic which the computer selects 
for each component of the vehicle, the computer will 
generate a graphical representation of the vehicle. This 
graphical representation wilt then be shown on monitor 

30 54 to help the operator understand the alignment con- 
dition of the vehicle. In the exemplary truck aligner em- 
bodiment, the computer will apply the visualization rules 
to select a graphic for each axle, which usually includes 
two wheel sets and a connecting axle. The graphics re- 

35 ferred to in Figure 4A are illustrated in Figures 5A 
through 5G, which are exemplary displays that may ap- 
pear on monitor 54, depending on the measuredajlgn- 
ment condition of a vehicle. E^j^ 
tion , Fig u r e 4B, ref e/enc 

40 uresfeA through 

in Figure 4A. Thus, to view an exemplary Toe Out 
Graphics Position 1 graphic, reference may be made to 
the left wheel of the axle shown in Figure 2. Finally, Fig- 
ures 6A through 6C illustrate exemplary printouts ob-. 

45 tainable from the present invention. 

Thus, the operator is provided with a visual repre- 
sentation of the conditions of the axles before he per- 
forms the alignment adjustments. This illustration of the 
initial condition of the vehicle may be presented to the 

so customer as evidence that the vehicle does indeed re- 
quire service. Furthermore, the operator is provided with 
a visual representation of the conditions of the axles af- 
ter the operator performs the alignment adjustments. 
This ; enables the pperatp'K;^ 

55 alignment;has b.eenperforme^ 

illustration for the 'final- cctf cation .^tfe^ft^j^^^^^ 
presented to the. customed 'as^e^u^h^'tftat^a^'S^n- 
ment has been performed 
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it should be recognized that, while the present in- 
vention has been described in relation to the preferred 
embodiments thereof, those skilled in the art may de- 
velop a wide variation of structural details without de- 
parting from the principles of the invention. Therefore. 5 
the appended claims are to be construed to cover all 
equivalents falling within the true scope and spirit of the 
invention. 

10 

Claims 

1 . A method of displaying an alignment condition of a 
vehicle, comprising: 

prestoring specifications for one or more wheel 
alignment conditions; 

prestoring a plurality of wheel graphics; each 
graphic corresponding to a difference between 
a measured wheel alignment condition and the 20 
specification for the wheel alignment condition; 
measuring the wheel alignment condition; 
determining the difference between the meas- 
ured wheel alignment condition and the speci- 
fication for the wheel alignment condition; 
selecting the graphic corresponding to the dif- 
ference; and 

visually displaying the graphic. 
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FIG. 3 
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FIG.4A 
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FIG. 5A 
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FIG. 5C 



REF.3 

AXLE CONDITION - AXLE 2 



CUSTOM 

MEASURING UNITS POSTTION - AXLE NO. 2 




LEFT TOE 



TOTAL TOE 



CAMBER 



RIGHT TOE 



FIG. 5D 

REF.4 

AXLE CONDITION - AXLE 2 



CUSTOM 

MEASURING UNTTS POSTHON - AXLE NO. 2 



CAMBER 




RIGHT TOE 



10 



EP 0 769 675 A2 



FIG. 5E 
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FIG. 5G 
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FIG. 6A 
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FIG. 6B 
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FIG. 6C 
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